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Abstract 
The most widespread application of solar thermal energy is the thermo-syphon solar water heater (TSSWH). This 
paper presents the mathematical models and the experimental study for prediction of the temperature of hot water 
produced from TSSWH. Results are presented of storage temperatures, collector temperature and thermal efficiency 
of the TSSWH. From the experimental study during 7 days, the average thermal efficiency was found about 56.43%. 
The average temperature of hot water in the storage tank is 55.92ᵒC, the average temperature of outlet during the 
experiment time is 68.62ᵒC and average collector temperature is 59.08ᵒC. Finally, the results of TSSWH economic 
analysis revealed that TSSWH is competitive to the conventional electric heaters, especially when utilization factor is 
high and electricity price is high. This study confirms the cost effectiveness of TSSWH under weather conditions in 
Thailand. 
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1. Introduction 
 The sun is an important power resource in the world and solar energy is heat and light that emitting 
from the sun and it is an important source of the renewable energy in the world. The technologies of the 
solar energy are broadly divided into passive solar and active solar depending on the method that used for 
capture and distribute the solar energy or the way its convert the solar energy into solar power [1]. 
 Solar energy applications cover a number of different technologies depending upon the types and 
places of applications. Solar water heater is probably the most widespread application of solar energy. 
Passive system is the type of solar energy that uses indirect advantage from solar energy such as 
designing the roof of house in some country to fully capture the sunlight.  
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2. An Experimental Study of Thermo-syphon Solar Water Heater in Thailand 
 Solar energy is a primary source of the earth. The flat plate solar thermal collectors absorb and 
diffuse radiation from solar energy and transform them into heat. They are usually installed on the rooftop 
or walls, which can be absorb maximum radiant as much as possible. It should be tilted at specific angle, 
for Thailand, the best-tilted angle is 14°, facing south. There are two types of solar water heater using 
today, which depend on the amount of solar energy at different locations. The type for this research called 
“Thermo-syphon” (see Figure 1). 
  
 
Fig. 1. Experimental setup of the Thermo-Syphon Solar Water Heater 
 
 The experimental was set up of a TSSWH consisting of one 2.16 m2 collector facing south with 
a tilt angle of 15 degree and a storage tank of 150 litre capacity placed horizontally, shown in Figure 1. 
The system is of thermo-syphon circulation. The temperature of water inside the tank can be averaged 
from three thermocouple located at three different levels inside the tank. The total solar radiation incident 
on the collector surface is recorded by a pyranometer integrated tilted at the same angle. A thermocouple 
sensor measuring the ambient temperature is also provided. 
 To simulate the use of TSSWH, the experimental was done on the sunny day. Usually 
temperatures T1 and Ta (ambient) are very close together. All temperatures were recorded every 15 
minutes continuously for nine hours. The outlet water temperature (T2) increases with sunlight. The hot 
water in the collector causes decreasing in density of the water. Then, hot water with lower density moves 
to the top of the storage tank. The lower temperature water in the tank moves downward to the inlet pipe 
of the collector due to its higher density.  
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3. Mathematical Model 
 Collected data are used to calculate the efficiency and the necessary parameters [4]. The 
collector collected the useful energy (Qᵤ) per unit time can be determined by the collector temperatures 
(Tc), the ambient temperature (Ta) and mass flow rate m, which can be expressed by equation(1). 
 
Qu = m · Cp · (Tc – Ta)                                              (1)  
 
where the heat capacity of water (Cp) = 4186 J/Kg∙K. The useful energy can be found from the relation 
between energy change in the storage tank and the heat losses. 
 
Energy change in the storage tank = (F*Useful energy from the collector) – Heat Losses       (2) 
 
where F is the control function is either 1 or 0 depending on the temperature at outlet of the collector (T) 
less or greater than the storage tank temperature (Ts). If T2 < Ts, then F = 0. If  T2 > Ts, then F = 1, 
where Ts is the current storage tank temperature can be found by the average temperature in the tank (T3, 
T4 and T5)  
Ts = (T3 + T4 + T5)/3                                        (3) 
 
Qs  = ρ · V · Cp · ∆t · (Ts+ - Ts)                                     (4) 
 
Losspipe = h · Ap · [(T3+T1)/2 -Ta]                                                       (5) 
 
where hAp is the heat loss coefficient of the pipe = 1.3752 W/m∙ᵒC when the heat loss coefficient per 
meter long, hAp/lp = 0.764 W/m∙ᵒC and lp is total pipe length = 1.8 m long (measured from the tested 
thermo-syphon solar water heater). As lp is cancelled out, so hAp is equalled to 1.3752 W/m∙ᵒC. 
 
LossTank = (UA)s · (Ts – Ta)                                                   (6) 
 
where (UA)s is the overall heat loss coefficient = 1.836 W/m∙ᵒC. 
 
Finally, the collector efficiency (η) can defined as the ratio of the useful heat gain to input solar energy 
over the same specified period. 
η = Qu · dt / (Ac · It · dt)                                                               (7) 
 
where Qu is the useful energy from the collector. Ac is the collector area = 2.16 m
2. It is the total hourly 
radiation (w/m2). The solar intensity (It) is read from the calibrated pyrometer. 
 
Average temperature (Tc) of T1 and T2 can be expressed by equation (8). 
 
Tc  =  (T1 + T2)/2                                                                        (8) 
 
The efficiency function fc is given in equation (9). 
 
 fc = (Tc - Ta) · It                                                                  (9) 
 
The useful energy from the collector Qu using equation (10) to evaluated. 
 
Qu = Ac(τα)It – AcUL(Tc - Ta)                                                    (10) 
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where τ  = transmittance, α = absorptance, τα = 0.9387. 
UL  = collector overall heat loss coefficient (W/m
2∙ᵒC). 
 
The predicted temperatures of the storage tank in the next period can be evaluated from the equation (11). 
 
Ts
+ = Ts + ∆tmCp { F[Qu – Losspipe – LossTank ]}                                          (11) 
 
Nomenclature 
     Ac  = Collector area (2.16 m
2) 
     Cp  = Specific heat capacity of water (4186 J/kg·K ) 
     It  = Solar intensity (W/m
2) 
     fc  = The efficiency function 
     Qu  = The useful energy from the collector (W) 
     m  = Mass flow rate of water (kg) 
     V  = The volume of water in the storage tank (150 litres) 
     ρ  = Density of water (kg/m3) 
     hAp  = The heat loss coefficient of pipe 
     Ip  = Total pipe length (1.8m) 
     UAs = The overall heat loss coefficient (1.836 W/°C) 
     Tc  = The average temperature of T1 and T2 
     ∆T  = The time interval in second 
 
4. Experimental Procedure for Thermo-Syphon Solar Water Heater 
4.1 The experiment was done on the selected sunny days during November to January. 
4.2 Before the experiment in the days, release the water inside the system out completely. 
4.3 Refill the water in the storage tank using tap water. 
4.4 Start data collection by recording all temperatures of the water at different locations (T1, T2, 
T3, T4, T5, T6) also measure solar intensity  
4.5 Calculate the efficiency, pipe loss, and storage tank loss of the system. 
 
4. Results 
 From the experimental, the average efficiency is 56.43% and for efficiency of each day show in 
Fig.2. The average inlet temperature (T1) is 44.49 ºC, the average outlet temperature (T2) is 68.61 ºC, the 
average ambient temperature (T6) is 33.82 ºC , the storage temperature in average is 55.92 ºC, and for the 
collector average temperature is 56.77 ºC. 
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Fig. 2. Thermal efficiency of the experimental setup. 
 
5. Economic Analysis 
 The worth of investment cost for Solar Water Heater can be option for consideration, comparing 
with the electric water heater. Four main costs as follow are used to find the total cost for a lifetime of 15 
years. 
 
Table1: Economics of the solar water heater and the electric water heater. 
The Solar Water Heater 
The solar water heater installation cost: 35,000 ᪛
System operation cost: - 
Total present worth of cost: 35,000 ᪛
The Electric Water Heater 
The electric water heater installation cost: 10,000 ᪛
Operation cost/electric bill (per year):  4,600 ᪛
Total present worth of cost: 44,980 ᪛
Simple Payback 5.4 years 
  
 The investment and installation cost of the solar water heater are higher than the electric water 
heater. But for the long term, the solar water heater can save in maintenance cost and operation cost. 
Since operation cost  of the solar water heater are almost free of chart, and also the maintenance costs are 
almost negligible. Assumptions used in calculation: the Electric Water Heater maximum power = 3,000 
W, load factor 0.6, the number of continuous hours used per day = 2 hours, and electricity consumption 
per day = 3.6 kWh. From this value, the number of unit per year is found to be 1,314 kWh. The average 
electricity cost of electricity is about 3.5 Bath/kwh in Thailand. Therefore the electric cost of electric 
water heater per year is 4,600 Bath. Within the same operating conditions between solar water heater and 
electric water heater, finally the simple payback period is calculated at 5.4 years. 
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6. Conclusions 
 This experiment determines the efficiency of the thermo-syphon solar water heater system. From 
actual data collected during the experimental days show that the average efficiency of the system is 
56.43%. The economic analyses of the thermo-syphon solar water heater system show cost effectiveness 
of its application under weather conditions in Thailand. The simple payback period is found to be 5.4 
years when compared to the electric water heater. Therefore this study confirms cost effectiveness of 
solar water heater application in Thailand. 
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